Of the 5000 sorghum (Sorghum bicolor L. Monench) germplasm accessions assembled at ICRISAT Asia Center (IAC), over 4000 accessions from 11 major sorghum growing states in India were evaluated for morphological and agronomical characters at IAC during rainy and postrainy seasons.
Introduction
In India, sorghum (Sorghum bicolor L. Moench) is the third most important food crop which is grown on an estimated 13.3 million ha producing 12.5 million tons annually (FAO, 1993) . The area and production of sorghum have been fluctuating considerably from 11.34 to 8.8 million hectares producing 5.347 million tons to 8.770 million tons during the rainy (kharif), and 5.31 million ha to 7.354 million tons during winter (rabi) season producing 1.621 million tons to 3.651 million tons from 1962 to 1991 (Murty, 1992) . In general, about 60% of sorghum is grown during rainy and 40% being grown during the postrainy or winter season. In general, about 60% of the total area and 66% of the annual production comes from the rainy season crop, 40% being grown during the postrainy accounting for 34% of the annual production. In general, grain produced during the rainy season is relatively inferior because of grain deterioration compared to that produced during the postrainy season due to the absence of rain at grain filling and maturity. Hence, most of the grain produced from the rainy season is used as poultry and animal feed, while the grain produced during the postrainy season is used for human consumption. Although there has been a continuous decrease in areas since 1961 to 1993, the total production in the country is now on the increase which is mainly due to increased production in the rainy season with a marginal increase in the postrainy season. In spite of the availability of several improved cultivars including hybrids, there has been only a marginal increase in grain yield. To achieve a noticeable increase in grain yield and for stability and global food security, there is need to broaden the genetic base of the sorghum cultivars (Swaminathan & Jana, 1992; Paroda & Arora, 1992; Duncan et al., 1991; Eberhart, 1993) .
The largest world collection of sorghum have been conserved at IAC, at Fort Collins in USA, and in Puerto Rico (Duncan et al., 1993; Eberhart, 1993; Dahlberg, 1993) . The fast vanishing sorghum germplasm from India have been assembled as early as 1963 by the Rockefeller Foundation in India (Murty et al., 1967) and subsequently by ICRISAT since 1972 (Prasada Rao et al., 1989 . So far, 5116 sorghum germplasm accessions from India have been assembled and conserved at the genetic resources division (GRD) at ICRISAT Asia Center (IAC), Patancheru. This is the largest collection of Indian sorghum maintained anywhere in the world. Of these, 4,289 accessions orginate predominantly from Deccan plateau that include the states of Andhra Pradesh, Madhya Pradesh, Maharashtra, and Karnataka which are also the most important states interms of sorghum cultivation. All these accessions were evaluated at IAC during the rainy and postrainy seasons for morphologic and agronomical characters. This paper describes the diversity observed in Indian sorghums from 11 states for morphological and agronomic characters, their classification and their possible use in sorghum improvement programs.
Materials and methods
For characterization and evaluation, sorghum germplasm accessions were sown at IAC Patancheru (17°25 ~ latitude and 78 ° longitude) on vertisols during the rainy season in the second fortnight of June and harvested in November-December. Observations on days-to-flower, plant height, were recorded only in the rainy season. The same accessions were sown again in the postrainy season during the second fortnight of September and harvested in March-April. Only supplementary irrigation was carried out during the rainy season, while regular irrigation was provided during the postrainy season. During this season, plant, panicle and grain characters were recorded. Observations on midrib color were recorded at flag leaf stage, and other characters between flowering and maturity. Grain characters were recorded alter harvest m the laboratory. Days to flower is the number of days from the mean emergence date to the date when 50% plants have started flowering. Plant height is the length of the main stalk (in cm) at maturity. Ten selected plants of each accession were measured and the mean computed_ Inflorescence exsertion is measured as the amount of exposed peduncle from the flag leaf to the base of panicle. Inflorescence length and width were also measured at maturity as the maximum length from base of panicle to the tip of panicle, and maximum width in the natural position. Grain covering indicates the amount of grain covered by glumes at maturity. This is one of the distinguishing characters used in the racial classification of cultivated sorghum, Grain mass is the weight in grams of 100 grains at a moisture content of about 12%. The method and stage of recording different characters were described in more detail by Prasada Rao & Ramanatha Rao (1995) . Accessions in which the data was incomplete for some traits or which could not be recorded were excluded from statistical analysis_ The data was analyzed using SAS users guide (SAS Institute, 1982) .
Results and discussion
Considerable diversity was observed for all the characters studied and is substantially higher among different states than within a state. However, variation was enormous between the two seasons particularly for flowering and plant height. Variation in some landraces was enormous during different seasons showing a differential response of landraces adapted to various seasons. The rainy season at IAC and sorghum growing areas in India was characterized by long days, relatively higher temperatures, humid and cloudy weather conditions. The postrainy season is characterized by shorter day-length, lower temperature and dry weather conditions. Changes in temperature and day length might be responsible for differential response in the two contrasting seasons.
Vegetative characters
Plant pigmentation is a juvenile characteristic useful in identifying landraces. Tan plants are preferred in sorghum improvement as this character does not impart color to the developing grain when it rains. There are very few (172) accessions with this character in the collection and these are mainly from Ethiopia (Prasada . Tan plants are completely absent from Gujarat, Punjab, and Rajasthan (Table 1) . The pigmented plants are in a majority and number 3976 in the collection. Midrib color is also a juvenile character and is associated with stalk juiciness where juicy sweet stalks are chewed like sugarcane particularly in southern Africa (Appa Appa Rao et al., 1992) . In India, the white midrib character predomi- (Table 2) , w h i l e it is less in U t t a r P r a d e s h w h e r e (Table 2) . Strongly photoperiod sensitive forms were found in the tribal-inhabited areas of Andhra Pradesh, Orissa, Bihar, and Madhya Pradesh which flowered in 180 days during the rainy season while they flowered in 114 days during the postrainy season. In areas where photoperiod sensitive sorghum is grown during the postrainy season, diversity tor days to flowering is enormous_ Photoperiod sensitive forms mature after the cessation of rains and enable them to escape grain mold which is likely to happen. In these high rainfall areas if sorghums mature after the cessation of rains they produce mold free grain (RAG, 1982)_ Early maturing forms were found in germplasm from Punjab, Rajasthan, and Andhra Pradesh where they are grown in lower rainfall areas, or where the selection has been for early maturity to meet food requirements before the paddy crop would be ready for harvesting by the subsistence farmers in these areas. The delay in flowering during rainy season compared to postrainy season is mainly because of strong photoperiod sensitivity and that there is considerable variation in daylength during the rainy and postrainy seasons at IAC. As sorghum has been postulated to have originated in the north east quadrant of Africa (Mann et al., 1983; Doggett, 1988) and was transported to India only about 3000 years ago, it is a short day plant though some day neutral landraces are available.
Days to flower

Plant height
Diversity for plant height was great as it ranged from 65 cm to 330 cm during the rainy and 75 cm to 655 cm during the postrainy season_ Mean plant height ranged from 183 to 221 cm during the postrainy and 254 to 406 cm during the rainy season (Table 3 ). The reduced plant height during postrainy season is due to the lower temperature and shorter photoperiod which retards growth resulting in reduced plant height. The considerable increase in plant height during the rainy season is due to the higher temperature, longer day-length and longer growing season which encourage growth. Accessions from Orissa which grow about 275 cm tall in the postrainy season grow over 406 cm tall in the rainy season. In general, those accessions which take more time to flower grow taller in the rainy season and produce a higher biomass making them suitable for dual purpose (grain and forage) types. Some of these accessions from Tamil Nadu produced the tallest plants followed by Bihar, Andhra Pradesh and Orissa which are valuable for their high biomass production.
Inflorescence characters
Panicle exsertion. Panicles held within the boot harbor insects and encourage diseases as the wet conditions within the boot are congenial for their development. Landraces in general, have poor exsertion, compared to the improved cultivars which produce longer penduncles. Sorghum plants of the subrace rox- CE = compact elliptic, CO = compact oval, LDB = loose drooping branches; LSB = Loose stiff branches, SCE = Semi-compact elliptic, SCO = Semi-compact oval, SDB = Semi-loose drooping branches, SSB = Semi-loose stiff branches, VLD = Very loose drooping branches, and VLB = Very loose stiff branches. 814  7  3  3  4  38  1  10  10  328  163  243  Bihar  187  8  3  2  6  2  0  0 24  17  122  3  Gujarat  200  1  4  1  3  11  1  0  3  83  90  3  Kamataka  416  10  3  0  0  31  0  16  2  299  33  21  Madhya Pradesh  789  10  5  3  14  15  1  7  6  323  395  4  Maharashtra  731  10  9  15  5  24  2  15  8  410  174  57  Orissa  149  8  0  0  11  0  0  0  3  21  105  1  Punjab  144  42  0  0  17  4  0  0  11  36  33  1  Rajasthan  237  5  4  0  6  13  1  3  5  112  84  4  Tamil Nadu  254  8  3  0  7  44  0  I  5  59  89  28  Uttar Pradesh  245  20  4  0  3  13  0  3  15  98  87  1   Total  4166  129 38  24  76  195 6  55  92  1786 1375 
Head length and width.
There is e n o r m o u s diversity for head length and width_ T h e s e are important cornp o n e n t s which contribute to yield. Panicle length is a stable character w h i c h is a characteristic feature o f a particular race ( M a n n et al. , 1983; Doggett, 1988; Harlan, 1992) . Panicle length ranged f r o m 5 to 52 cm while the m e a n ranged f r o m 13 to 28 c m (Table 5 ).
The long panicle found in M a d h y a Pradesh and Karnataka belong to the subrace roxburghii (race guinea). M e a n panicle length (29 cm) is greatest in Orissa, with m o s t o f the plants b e l o n g i n g to the subrace roxburghii. The accessions with short, c o m p a c t , and oval panicles, majority o f w h i c h b e l o n g to race durra, are from Tamil Nadu, Gujarat, M a h a r a s h t r a and Rajasthan. Head width ranged from 1 to 34 cm while the mean ranged from 6 to 16 cm (Table 5 ). The loose drooping panicles of subrace roxburghii commonly found in tribal inhabited hilly areas of Orissa and Andhra Pradesh produce wider panicles; while head width is less in the compact oval forms of race durra found in Central India.
Head compactness and shape. Head compactness and shape are important characters in determining grain yield and are useful for varietal identification and classification. Head compactness seems to be associated with the humidity of the environment at flowering and ripening time, and very dense panicle are found in those types which flower and ripen gr~in under extremely dry conditions with compact durra sorghums being outstanding. In contrast loose drooping panicle forms were found in high rainfall areas of the hilly regions of the Eastern Ghats which facilitate drying of the panicle faster, thus preventing grain molds. Almost all the panicle shapes were found in Madhya Pradesh, Andhra Pradesh, and Bihar. The predominant forms are compact elliptic followed by semi-compact elliptic forms (Table 6 ). Panicles with semi-loose drooping branches, very loose drooping branches which are characteristic features of the wild forms are very rare. Though threshability is an important evolutionary trait (Harlan, 1992) , it is also an important agronomic trait where farmers prefer free threshing cultivars. The majority of accessions are either freely threshable or partly threshable forms, because of strong preference by farmers for such types. There are very few accessions which are difficult to thresh.
Grain characters
Grain weight. Grain size which is expressed as weight of 100 grains ranged from 0.6 to 7.3 g, the mean grain mass ranged from 2.1 to 3.3 g (Table 5 ). Larger grains were found from Madhya Pradesh, Maharashtra, Andhra Pradesh and Karnataka while grain size was less in Orissa and Punjab.
Grain color. The majority of accessions produced straw or white colored grains while accessions with gray, purple and red colored grains were very few. This is due to sorghum in India being grown for food, where consumers prefer white or straw colored grains. Red or reddish brown grains were found in Bihar, Punjab and Uttar Pradesh where sorghum is also grown for forage. Yellow grains were common in Andhra Pradesh, Maharashtra, Rajasthan and Karnataka. Accessions with purple, gray and chalky white were very few.
Subcoat, luster, and endosperm texture. The presence of a subcoat imparts color to the food being prepared (Mushonga & Appa Rao, 1986) , and it is believed by farmers in Zimbabwe to contribute to insect resistance (Appa Rao & Mushonga, 1987) . In Indian germplasm the subcoat is mainly absent (3281 accessions). In the majority of accessions from Andhra Pradesh, Karnataka, Maharashtra and Rajasthan subcoat is absent. The subcoat is present in very few (323) accessions which are mainly from Punjab where mostly fodder types are grown (Table 7) . In India sorghum is primarily grown for food, consequently there has been a strong selection for accessions in which the subcoat is absent. This is in contrast to sorghum in southern Africa where the subcoat is present and where the grain is used for brewing traditional beer (Doggett, 1988) . Accessions with lustrous grains, in which the subcoat is absent, predominate (3799) compared to non-lustrous grain in which the subcoat is present. The former commands a premium as it is preferred for food (Desikachar, 1982; Rooney and Miller, 1982) _ Though there is considerable diversity for endosperm texture, partly corneous types predominate. The sorghum of the subrace roxburghii which are predominantly grown in hilly areas, produce nearly or completely corneous grain.
Classification
Instead of wading through the 31 categories of Snowden's key for cultivated sorghums (Snowden, 1936) , or attempting to choose one of the 63 working groups of Murty et al_, (1967) , it is possible to classify sorghum into five basic and ten intermediate races by examining grain shape, glumes and panicles (Harlan & de Wet, 1972; de Wet, 1978; Harlan, 1992) . All the five basic and ten intermediate races were found in India (Table  1) . The most commonly found race is durra followed by guinea and durra-bicolor (Table 9 ). In the important sorghum growing states (Maharashtra, Karnataka and Andhra Pradesh) race durra is extensively grown. Most of the sorghums grown in the postrainy season and which are reputed to possess excellent grain quality belong to the race durra. The race durra is also popular in Yemen where the word durra is used to denote any race of sorghum (App Rao et al., 1993) . Members of the race durra have moderate levels of drought resistance and very large panicles as in Yemen (Appa Rao et al., 1993) , and in Namibia (Appa Rao et al., 1992) . Sorghums of race Durra were probably introduced about a thousand years ago from the Horn of Africa through Yemen, Saudi Arabia and were carried to India either through the Punjab to northern India, or through Sind to Peninsular, India and southern India (Doggett, 1988 The race Kafir which is indigenous to Southern Africa (Harlan, 1992; Appa Rao et al., 1992) did not reach India along with other races. Subrace roxburghii of race guinea with small corneous endosperm are extensively grown in the tribal inhabited areas of Andhra Pradesh, Bihar, Madhya Pradesh, and Orissa probably because of their grain mold resistance and/or strong preference for such grain where the whole grain is cooked like rice (Prasada .
Resistance traits
The world collection of sorghum assembled at IAC has been screened under artificially infested epiphytotic conditions by scientists of various disciplines to identify sources of resistance to biotic and abiotic stress factors. (Bandyopadhyay et al., 1988; Nwanze et al., 1991; Sharma, 1993; Sharma et al., 1992; Sharma et al., 1994 )_ Sources of resistance to several biotic stress factors were identified from Indian germplasm (Prasada Mengesha, 1992) . The majority of the resistance sources for shoot fly, stem borer and striga originate from India. Resistance to grain mold, anthracnose, midge, rust and several other factors was also found. Several of these resistance sources have been utilized in ICRISAT (Prasda Stenhouse, 1993; , to develop cultivars possessing multiple resistance to one or more stress factors. Wide environmental adaptation to different seasons, soils and climatic conditions, has lead Indian sorghums exhibiting a wide range of diversity with respect to crop duration, panicle morphololgy, grain morphology, grain quality and racial diversity. Based on morphological and racial diversity of sorghum, India could be considered as the secondary center of diversity.
Possible use of htdian sorghums
The diversity available in Indian sorghum indicates that a vast panorama of possibilities exist for improving the sorghum plant for grain, fodder and industrial uses. Though there are several landraces with many desirable traits they are not being presently used in sorghum improvements as they are associated with excessive vegetative growth and late maturity. Hence, such landraces need to be converted into early maturity with reduced plant height by repeated backcrossing as was done by Stephen et al., (1967) to facilitate extensive utilization of germplasm. At ICRISAT the zera zera from Ethiopia were already converted into three height and maturity groups (Prasada Rao et al., 1989) and there is need to convert the Indian sorghum landraces. As the Indian sorghums were found to have stable resistance to several pests and diseases, incorporation of stable resistance into elite genetic background will minimize the use of toxic chemicals leading to environmentally friendly and sustainable sorghum production in the semi-arid tropics.
